
5. SUMMARY OF FORECAST VERIFICATION

5.1 ANNUAL FORECAST
VERIFICATION

5.1.1 WESTERN NORTH PACIFIC WEAN
— Verification of warnings at initial, 24-, 48-
and 72-hour forecast--positions was made
against the final best t>ack. The (scalar)
forecast, along-track and dr~ss-track errors
(illustrated in Figure 5-1) wer&then calculated
for each tropical cyclone and tie presented in
Tables 5-1A, 5-l B, 5-l C and 5-ID, as
appropriate. Table 5-2 includes mean along-
track and cross-track forecast errors for 1978-
1989. The frequency distributions of errors for
warning positions, and 24-, 48-, and 72-hour
forecasts are in Figures 5-2A through 5-2D,
respectively. A comparison of the annual mean
forecast errors for all tropical cyciones as
compared to those tropical cyclones that
reached typhoon intensity can be seen in Table
5-3. The mean forecast errors for 1989 as
compared to the twenty previous years are
graphed in Figure 5-3.

5.1.2 NORTH INDIAN OCEAN — The
positions given for warning times and those at

Figure 5-1. Definition of cross-trsck error (XI%), along-track
error (ATE) and forecsst track error (lT’E). In this example,
the XTE is positive (to the right of the best trsck) and the ATE
is negative (behind or slower than the best mack).

the 24-, 48-, and 72-hour valid times were
verified for tropical cyclones in the North
Indian Ocean by the same methods used for the
western North Paciilc. Table 5-4 is the initial
and forecast along-track and cross-trackerror

summary for the North hdian Ocean. Forecast

errors are plotted in Figure 5-4 (72-hour

forecasterrorswere evaluated for the frst time

in 1979). There were no verifying 72-hour

forecastsin 1983 and 1985. Table 5-5 contains

a summary of the annual mean forecast errors
for each year.

5.1.3 SOUTH PACIFIC AND SOUTH
INDIAN OCEANS — The positions given for
warning times and those at the 24-,48-, and 72-
hour valid times were verified for tropical
cyclones in the Southern Hemisphere by the
same methods used for the western North
Pacific. Table 5-6A is the initial, forecast
along-track and cross-track enor summary for
the Southern Hemisphere. Table 5-6B has the
number of warnings verified at each forecast
period. Forecast errors are plotted in Figure 5-
5. Table 5-7 contains a summary of the annual
mean forecast errors. .
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NUMBER OF

(OIW) TS WINONA
(02W) STY ANDY
(03W) TY ERENDA
(04W) TY =CIL
(05W) TY m
(06W) TS ELLIS
(07W) TS FAYE
(08W) STY GORDON
(09W) TS HOPE
(1OW) TS IRVING
(llW) TY JUDY
(12W) TD 12W

(13W-14W) TS KEN-LOLA
(15W) TY MAc
(16W) TY -
(17W) TY NANCY
(18W) TS PEGGY
(19W) TD 19W
(20W) TS ROGER
(21W) TD 21W
(22W) TY SARAH
(23W) TS TIP
(24W) TS VERA
(25W) TY WAYNE
(26W) STY ANGELA
(27W) TY ~IAN
(28W) TY COIJ.EEN
(29W) TY DAN
(30W) STY ELSIE
(31W) TY FORREST
(32W) TY GAY
(33W) TY HUNT
(34W) STY IRMA
(35W) TD 35W
(36W) TY JACK

25
12
31
19
16
33
25
13
21
21
15
14
38
17
21
19
24
19
32
23
28
23
25
19
8
16
18
16
12
22
6
14
18
73
28

13
26
20

9
25

6
21
30
21
14
28

3
23
28
28
22

9
6

14
7
33
20
16
12
46
13
27
21
34
30
9

27
39
9

21

m: 20 ~: 710

m



TABLE 5-lB

(OIW) TS WINONA
(02W) sTY ANDY
(03W) TY BRENDA
(04W) TY CECIL
(05W) TY DoT
(06W) TS ELLIS
(07W) TS FAYE
(08W) STY GORDON
(09W) TS HOPE
(1OW) TS IRVIFK
(llW) TY JUDY
(12W) TD 12W

(13W-14W) TS KEN-LOLA
(15W) TY MAc
(16W) TY mm
(17W) TY NANCY
(lSW) TS PEGGY
(19W) TD 19W
(20W) TS ROGER
(21W) TD 21W
(22W} TY SARAH
(23W) TS TIP
(24W) TS VERA
(25W) TY WAYNE
(26W) STY ANGELA
(27W) TY BRIAN
(28W) TY COLLEEN
(29W) TY DAN
(30W) STY ELSIE
(31W) TY FORREST
(32W) TY GAY
(33W) TY HuNT
(34W) STY IRMA
(35W) TD 35W
(36W) TY JACK

FORECAST

171
111
133
127
78

347
72
68

112
91
85
61

195
167
115
146
143
95

223
135
165
204
173
231
68

104
153
105
75
93
46
98
97

212
95

m: 120
ammti: 119

~ DWXATXN: 83

ALONG-TRACK
ERROR

MEMIMER.IAN

152
77
103
64
55

294
48
41
39
73
55
32
114
126
78
127
91
60

192
107
95
110
145
201
46
69

116
88
48
61
25
64
69
79
55

83
-4’7
105

**
-44
-78
**

-lo
**

-28
21
25
**

-32
**

-115
-83
-60
-98
**
**

-167
**

-37
-74
-135

● *

-17
**

-68
-55
-37
-5
**

6
-37
**

-11

CROSS-TRACK
ERRoR

Mi2w.3

88
65
68
108
48
126
41
47
101
41
54
52
124
86
66
52
100
53
97
55
122
152
68
105
40
52
74
38
44
56
30
58
53
192
67

**
-18
14
**

30
**

-12
5

-lo
**

34
**

-61
-13
9

-34
**
**

-80
**

-16
-127
-25

● *

15
**

-35
-lo
-15
-37
**

-44
-32
**

-31

SAMPLE

10
26
18
8

23
6

18
26
17
9

24
2
18
26
27
20
8
4
12
6

29
18
13
10
43
10
24
18
31
27
9

25
35
5

20

69 ~: 625
-13
90

* THE MEAN WAS COMPUTED FROM ABSOLUTE VALUES.

1.
2.

3.

4.

THE MEAN IS THE SUM OF AIL THE VALUES DIVIDED BY THE NUMBER OF OBSERVATIONS.
THE MZDIAN IS THE MIDDIJZVALUE OF THE SAMPLE, ESTIMATED THROUGH A GAMMA PROBABILITY
DISTRIBUTION.
THE ALONG-TRACK ERROR CCX4PONENTIS HOW FAR THE WARNING POSITION WAS DISPLACED AHEAD
OR BEHIND THE BEST TRAC2(POSITION. THE SAMPLE CONSISTS OF TWO PARTS: THE MEAN
(DISTANCE)AND THE MEDIAN (NEGATIVEVALUES WERE BEHIND TRACK OR SLC%I,AND POSITIVE
VALUES WEFIEAHEAD OF TRI@KOR FAST).
THE CROSS-TRACK ERROR COMPONENT IS HOW FAR THE WARNING POSITION WAS DISPLACED TO THE
IEFT OR RIGHT OF THE BEST TRACK POSITION. THE SAMPLE CONSISTS OF TWO PARTS: THE ME?iN
(DISTANCE)AWD THE MEDIAN (NEGATIVEVALUES WERE LEFT OF TRACK AND POSITIVE VZ4LUESWET@
RIGHT OF TRACK).
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TABLE 5-lc

cY-

(OIW) TS WINONA
(02W) STY ANDY
(03W) TY BRENDA
(04W) TY CECIL
(05W) TY DoT
(06W) TS ELLIS
(07W) TS FAYE
(08W) STY GoRDa4
(09W) TS HOPE
(1OW) TS IRVING
(llW) TY JUDY
(12W) TD 12W

(13W-14W) TS KEN-ILXA
(15W) TY MAc
(16W) TY CxdEN
(17W) TY NANCY
(18W) TS PEGGY
(19W) TD 19W
(20W) TS ROGER
(21W) TD 21W
(22W) TY SARAH
(23W) TS TIP

(24W) TS VERA
(25W) TY WAYNE
(26W) STY ANGELA
(27W) TY BRIAN
(28W) TY COLLEEN
(29W) TY DAN
(30W) STY ELSIE
(31W) TY FORREST
(32W) TY GAY
(33w) TY m
(34W) STY IRMA
(35W) TD 35W
(36W) TY JACK

48-HOUR SumCaST ~
wEsTmNNcmEPAcImc~

1989 SIGNIFIUU?r-ICAL ~

FORECAST

346
290
227
330
148
***

124
118
224
152
195
***

313
335
239
348
335
***

474
***

302
374
381
623
165
135
207
222
145
169
101
173
226
440
167

ALONGTRACK
ERROR

MEw3

322
205
178
80
113
***

106
65
111
133
98

***

180
244
189
294
147
***

459
***

140
206
373
564
112
79
132
202
115
122
87
123
188
30
135

**
-167
-180
**

-8
***

-106
30
82
**

-92
***

-106
-146
-151
-266
**
***
**
***

5
-193
**
**

-51
**

-25
-206
-90
-16
**

41
-179
**

-14

162
-101
190

* THE MEAN WAS COMPUTED FROM ABSOLUTE VALUES.

CROSS-TRACK
ERROR

MEAw

118
174
104
318
80
***

54
85
172
44
144
***

225
198
108
110
281
***

94
***

240
270
69
253
96
93
135
55
66
85
39
103
104
439
83

**
-74
48
**

73
***

-12
23

-57
**

107
***

-194
-132
37
12
**
***
**
***

-18
-190

**
**

73
**

-75
-29
-39
-81
**

-64
-74
**

-25

SAMPLE

6
22
12
6

17
0
12
24
14
4
20
0
14
23
23
19
6
0
7
0

25
11
10
4
39
5

20
13
27
23
8

23
25
1
18

127 TOTAL: 481
-19
171

202



TABLE 5-ID

(OIW) TS WINONA
(02W) STY ANDY
(03W) TY BRENDA
(04W) TY CECIL
(05W) TY DoT
(06W) TS ELLIS
(07W) TS FAYE
(Osw) STY GORDON
(09W) TS HOPE
(1OW) TS IRVING
(llW) TY JUDY
(12W) TD 12w

(13W-14W) TS KEN-ILXA
(15W) TY NAC
(16W) TY OwEN
(17W) TY NANCY
(lSW) TS PEGGY
(19W) TD 19W
(20W) TS ROGER
(21W) TD 21W
(22W) TY SARAH
(23W) TS TIP
(24W) TS VERA
(25W) TY WAYNE
(26W) STY ANGELA
(27W) TY BRIAN
(28W) TY COLLEEN
(29w) TY DAN
(30W) STY ELSIE
(31W) TY FORREST
(32W) TY GAY
(33W) TY HUNT
(34W) STY IRMA
(35W) TD 35W
(36W) TY JACK

FORECAST

507
569
251
***

163
***

220
146
309
232
323
***

382
520
380
510
506
***

949
***

450
502
662
***

293
***

303
376
231
318
197
208
341
***

317

mm?: 350
lmDIAN: 343

~ DEVIATICW: 206

ALONGTRACK
ERROR

MEAw

439
385
188
***

123
● **

213
111
145
227
190
***

168
352
336
483
187
***

921
***

236
440
641
***

202
***

193
359
222
242
185
156
289
***

254

**
-352
**
***

1
***
**

75
**
**

-150
***
**

-185
-248
-489
**
***
**
***

-30
**
**
***

-117
***

-78
**

-155
-228
**

112
-300
***

-32

265
-182
287

* THE NEAN WAS COMPUTED FRON ABSOLUTE VALUES.

CROSS-TRACK
ERROR

MEw.1

242
378
142
***

81
***

49
75
259
45
219
***

320
357
132
132
462
***

233
***

322
206
129
***

178
***

189
89
58
138
57
103
146
***

159

**
-212
**

***

79
***
**

9
**
**

135
***
**

-136
73
21
**
***
**
***

-38
**
**
***

149
***

-177
**

-25
-111

**

-83
-56
***

105

SANPLE

5
18
9
0
11
0
10
18
5
2
16
0
10
19
19
16
2
0
3
0

21
8
7
0

35
0
16
10
23
18
8
19
21
0
14

177 ~: 363
-15
236

203



VEAR
1978
1970
1980
1081
1082
108s
1984
1065
1086
1987
1s88

TOTALS:
AVERA~E 7S-S6

1666

TOTALS:
AVERAQE 7S-SS:

TABLE S-2. JTWC ANNUAL INITIAL POSITION AND FORECAST POSITION ERRORS (NM) 197S-1269 FOR THE WESTERN NORTH PACIFIC

INITIAL
lARNlNt3S POSITION

898 21
695 25
590 28
684 25
706 19
445 16
611 22
602 18
743 21
657 Is
46s 23

8884
624 21

710 20

7574
631 21

07S-S5 24-, 4S- & 72-t

24-HOUR
CORECASTS TRACK ALONG CROSS

556 126 S7 71
589 125 S1 76
491 127 88 76
466 124 80 77
666 113 74 70
342 117 7s 73
4$2 117 84 64
477 117 so 68
645 126 S5 70
583 107 71 64
373 114 85 58

S660
515 120 81 70

825 120 03 69

6285
524 120 S1 70

w errors from Twl and Miller (192@S04m40:
Initial Pooitlon & 196S-S6 errors from ATCR

48- HOUR
ORECASTS TRACK ALONG GROSS

420 274 194 151
469 227 146 138
369 244 165 147
346 221 14% 131
632 23S f 62 142
253 260 169 164

37a 232 f 63 131

336 231 f 53 13s

535 26 t 163 ~51

466 204 134 f27

262 216 170 103

4367

397 23S 162 ~39

4s 1 231 t62 127

484a

404 237 162 138

72-HOUR
DRECASTS TRACK ALONG CROSS

295 411 296 218
366 316 214 162
267 391 266 230
246 334 206 219
425 342 223 211
164 407 259 263
2se 363 236 216
241 367 230 227
412 394 276 227
3s9 303 196 186
183 316 244 159

3294
299 356 239 211

363 350 265 177

3657
305 355 242 206



240-254

210-224

180-194

150-164

120-134

90-104

60-74

30-44

0-14 / I
300

MEAN 20

MEDIAN: 13

STANDARD
DEVIATION: 22

CASES: 710

The median is the middle
value obtained by sorting,
and differs from median
computed for Tables 5-lB,
5-1C3-lD, 54 and 5-6A.

N
M

,

2500 350 40050 100 150 200
NUMBER OF WARNINGS

Figure 5-2A. Frequency distribution of i+tial position errors (15 nm increments) for the western North
P&c m 1989. -

600-629 1
I

MEAN 120

540-569

480-509
I

MEDIAN: 102S

STANDARD
DEVIATION 83420-449

360-389

300-329

240-269

180-209

120-149

60-89

0-29

CASES: 625
N
M The median is the middle

value obtained by sorting,
and differs from median
computed for Tables 5-lB,
5-1C,5-lD, 5-4 and 5-6A.
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780-839
720-779
660-719
600-659
540-599
480-539

N 420-479

M 360-419
300-359
240-299
180-239
120-179

60-119
0-59

0 10 20 30 40 50 60 70 80 90 100
NUMBER OF FORECASTS

Figure 5-2C. Frequency distribution of 48-hour forecast errors (60 mn increments) for the western North
Picific in 1989.- -

1080-1169
990-1079

900-989
810-899.
720-809

N 630-719
M 540-629

450-539
360-449
270-359
180-269.

90-179.
0-89-

0 10 20 30 40 50

.

60

i

70

NUMBER OF FORECASTS

Figure5-2D. Frequemw distrilnttion of 72-hour forecast emors (90 rmt increments) for the western

MEAN 231

MEDIAN 203

STANDARD
DEVIATION: 145

CASES: 4s1

The median is the middle
value obtained by sorting,
and differs from median
computed for Tables 5-lB,
5-1 C,5-lD, 54 and 5-6A.

MEAN: 350

MEDIAN 307

STANDARD
DEVIATION: 206

CASES: 363

The medhn is the middle
value obtained by sorting,
and differs from median
computed for Tables 5-lB,
5-1C3-lD, 5-4 and 5-6A.

N&h pacific in 1989. -
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TABLE 5-3 ANwmLm~ERRc4?s
WEmERt? NmTE PACIFIC

24-HOUR 48-HOUR 72-HOOR
ALL/ znuQQE& * ALL/ nu!x?k& * ALL/ nw2QN!% *

1959 117** 267**
1960 177** 354**
1961 136 274
1962 144 287 476
1963 127 246 374
1964 133 284 429
1965 151 303 418
1966 136 280 432
1967 125 276 414
1968 105 229 337
1969 111 237 349
1970 104 98 190 181 279 272
1971 111 99 212 203 317 308
1972 117 116 245 245 381 382
1973 108 102 197 193 253 245
1974 120 114 226 218 348 357
1975 138 129 288 279 450 442
1976 117 117 230 232 338 336
1977 148 140 283 266 407 390
1978 127 120 271 241 410 459
1979 124 113 226 219 316 319
1980 126 116 243 221 389 362
1981 123 117 220 215 334 342
1982 113 114 237 229 341 337
1983 117 110 259 247 405 384
1984 117 110 233 228 363 361
1985 117 112 231 228 367 355
1986 121 117 261 261 394 403
1987 107 101 204 211 303 318
1988 114 107 216 222 315 327
1989 120 107 231 214 350 325

* F~CASTS WERE VERIFIED WHiINTHE TROPICAL CYCLONE ImSITIES
WERE AT LEAST 35 KT (18 M/SEC).

** F~~T posITIONs ~RTH OF 35 D~ NORTH LATITUDE WERE
NOT VERIFIED.

150 I ●-*#@-@_._*100●- —&.~o- —o~—bo—o—o-*-o—*
50 .

0 4
1970 1972 1974 1976 1978 1980 1982 1984 1986 1988

Year

Figure 5-3. Anrmal mean forecast arms (rim) for all significant tropical cyclones in ths western North Pacific.
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TABIJ25-4 ImTIALRosITIff Am~ ~
stctm~nmxm~

1989 sImIPxCatm Txexm~

TC OIB 23 14
Tc 02A 41 5
TC 32W u 25

TU1’AL — 44
19 .-

STANDARDDEVIATION 15 --

FCST AInWi-TR?lcKERROR CROSS-TRACK ERRoR

~ EBE!x MEaNME121AN MZANMQXAN
TC OIB 106 88 ** 45 ** 11
Tc 02A 134 129 ** 35 **

TC 32W 1.6 iEd 52 * 13

TOTAL -- — -- 33
88 62 50 --

MEDIAN 88 -32 -13 --

STANDARD DEVIATION 44 68 61 --

FCST” ALONGTRACK ERROR CROSS-TRACK ERROR

~ ERRQB llEaNMEQxaN mmQIAti I-R~
TC OIB -- -- -- . -- 0
TC 02A -. -- -- — --

TC 32W Ala 94 95 B6 2

TCY1’AL -. — -- 17
146 94 86 --

mIAN 145 -95 -2 --

S’IXNDARDDEVIATION 48 73 97 --

FCST AIaNG-TRAcK mR (XOSS-TRACK ERROR
~ERRQBMEaN ME121AN M?atlk2x?uiN

TC OIB -- -- -- — -- 0
TC WA -- -- -- — --

TC 32W im 164 16G 111 31.

TCY1’AL -- -- -- 12
216 164 111 --

MEDIAN 215 -166 -31 --

STANDARD DEVIATION 61 93 118 --

** ~ ~~ WAS N~ c~- FOR INsT~s oF ~ ~ OR ~s.

SEE TABX.E5-lB FOR E@IANATION OF THE TERMS MEAN, MEDIAN, ALONGTRACK ERROR AND CROSS-
TRACK ERROR.
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04 1

197119721973197419751976197719781979lW 19811982]983198419851986198719881989
Ye8r

Figure 54. tiusl mesn forecast crmrs (inn) for all signifiit tropical cyclones m the North Indisn
Oce.sll.

TABLE 5-5 AhltnnL%xnI~~
mm~na)ma?aw

24-HOUR 48-HOUR 72-HOUR
EQBEasxumkANGu ux?xasrualaNGu EQREQsluQ&luLE

1971* 232 --- 410 --- --- ---
1972* 224 101 292 112 --- ---
1973* 182 99 299 160 --- ---
1974* 137 81 238 146 --- ---
1975 145 99 228 144 --- ---
1976 138 108 204 159 --- ---
1977 122 94 292 214 --- ---
1978 133 86 202 128 --- ---
1979 151 99 270 202 43-I 371
1980 115 73 93 87 167 126
1981** 109 65 176 103 197 73
1982** 138 66 368 175 762 404
1983** 117 46 153 67 --- ---
1984** 154 71 274 127 388 159
1985** 123 51 242 109 --- ---

1986 134 *** 168 *** 269 ***
1987 144 *** 205 *** 305 ***
1988 120 *** 219 *** 409 ***
1989 84 *** 146 *** 216 ***

*THE WESTERN BAY OF BENGTQ AND ARABIAN SEA WERENO’T INCLUDED IN THE
JTi4CAREA OF RESPONSIBILITY ~IL THE 1975 TROPICAL CYCLONE SEASON.

** ~ ~IQ~ FOR CALCULATING RIGHT-ANGLEERROR WAS REVISED IN 1981.
THEREFORE, A DIRE(X’COMPARISON IN RIGHT-ANGLE ERROR STATISTICS CANtW1’
BE MADE BETWEEN ERRORS COMPUTED BEF~ 1981 AND THOSE CONPUTED SINCE
1981.

*** IN 1986, RI~T+N~ -R ~ ~~ By ~oss-~~ ~OR. (SEE
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TABLE 5-6A ISITIAL POSITICW ~ ~ ~ (Nx)liuRTBE

TROPICAL

Tc 01s
TC 02S
TC 03S
TC 04P
TC 05P
TC 06S
TC 07S
TC 08S
Tc 09s
TC 10P
Tc 11s
TC 12S
Tc 13P
Tc 14P
TC 15P
TC 16S
TC 17S
TC 18S
TC 19S
TC 20S
TC 21S
Tc 22P
TC 23P
TC 24S
TC 25P
TC 26S
TC 27P
TC 28P

STANOARD
DEVIATIONS

INITIAL 24-HR 24-HOUR
POSIT FCST ALONG-TRACK

_EBBQLEms?R klEaLw MERIziN

83
25
14
20
30
18
29
23
27
23
27
33
50
34
22
35
13
40
25
22
27
56
27
64
23
19
21
31

31

33

235 209
98 75

106 54
74 27
130 94
100 87
141 64
105 90
162 66
111 79
92 54

154 107
120 89
139 80
160 123
229 219
92 32

220 182
113 58
108 59
144 91
158 103
108 86
260 78
104 88
105 86
134 103
135 68

125 85

74 102

**
-21

●*
**
●*
**
**
**
**

-54
-39
**

-53
**
**
**
**
**

-6
12

-67
**
**
**
**
**

-31
**

-43

tJ/A

24-HOUR
CROSS-TRACK

MEalEkEr21AN

.80
45
67
66
83
39
102
40
83
57
62
86
59
94
87
69
86
55
89
80
101
110
65

237
43
40
75
92

73

94

**
-4
● *
**
**
**
**
**
**

-9
34
**

51
**
**
**
**
**

55
-24
73
● *
● *
**
**
**

-51
**

7

N/A

48-HR
FCST

384
169
203
110
464
156
322
201
313
269
180
266
207
238
390
***

332
400
184
202
282
386
172
455
217
225
287
197

242

124

48-HOUR
AIONG-TRACK

MEAw

349
127
122
80
408
113
170
166
116
205
119
158
174
144
191
***

286
355
81

134
173
247
136
118
165
188
189
180

167

186
* THE MEAN WAs ccn4PuTEDFRON ABSOLUTE VALUES.

**
-59
**
**
**
● *
**
**
**

-164
-87
**
**
**
**
***
**
**
**

129
-167
**
**
**
**
**

-152
**

-104

N/A

48-HOUR
moss-mtx

MUM

134
79
125
76
222
99
244
81
193
138
106
192
88
167
321
***

169
184
151
123
167
221
82
419
119
94
175
52

137

176

**
-43
**
**
**
**
**
**
**

14
57
**
**
**
**

***
**
**
**

-32
95
**
● *
**
**
**

-178
**

-12

N/A

SEE TABIE 5-lB FOR ~LANATIONS OF THE TERMS MEAN, MEDIAN, ALON&TRXK ERROR AND
CROSS-TRACK ERROR.
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TABLE 5-6B ~a’~
SOUTRPACIFIC ABIDSan!H ImrABl OCEANS 1989

(1JULY 1988 - 30 JuN 1989)

TC 01S ADELININA
TC 02S BARISAONA
TC 03S IILMA
TC 04P DELILAH
TC 0!5PGINA**
Tco6s ----
Tc 07s BDt4E
TC 08S FIRINGA
TC 09S KIRRILY
Tc 10P HARRY
TC 11S HANITRA
TC 12S GIZELA
Tc 13P IVY
TC 14P----**
TC 15P JUDY**
Tc16s ----
TC 17S MARCIA
Tc18s ----
TC 19S JINABO
Tc 20s NED
TC 21S KRISSY
Tc 22P KERRY
TC 23P AIW
TC 24S LE21SSY
TC 25P LILI
TC 26S ORSON
TC 27P MEENA
TC 28P ERNIE
TC 28P ERNIE*

TOTALS

* REGENERATED
** ~oc sys~

INITIAL

9
26
11
4
6
9
11
14
9

24
23
9
13
11
8
3
3
4
13
19
18
5
8
6
9

12
16
5
4

312

24-HOUR

8
24
8
3
4
7
10
10
7
23
21
7
11
9
6
1
2
3
11
15
17
4
7
4
8
9
15
4
3

261

48-HOUR

6
22
6
1
2
2
8
9
5

21
19
5
9
6
4
0
1
1
3
11
16
3
4
2
8
7
12
4
1

198
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Year

Figure 5-5. hnual mesn forecsst errors (rim) for sll significant tropicsl cy-
clones m the South Pacific snd South In&m Oceans.

24-HOUR 48-HOUR
mBEsaSx RImHmLE E!2mx2z~

1981
1982
1983
1984
1985
1986
1987
1988
1989

165
144
154
133
138
133
145
146
125

119
91
84
73
78
● *
**
**
**

315
274
288
231
242
268
280
290
242

216
174
150
124
133
**
**
**
**
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5.2 COMPARISON OF OBJECTIVE
TECHNIQUES

5.2.1 GENERAL — JTWC uses a variety of
objective techniques as guidance in the warning
development process. A variety of techniques
are required because each technique has
particular strengths and weaknesses which vary
by basin, time of year, synoptic situation, and
forecast period. The techniques can be divided
into six general categories: extrapolation,
climatologyy and analogs, statistical, dynamic,
empirical and analytical, and blends of the
previous categories.

Since September 1981, JTWC has
initialized its objective forecast techniques from
the six-hour old preliminary best track position
(interpolated) rather than the forecast
(extrapolated) warning position, e.g. the 0600Z
warning is supported by objective techniques
developed from the 0000Z preliminary best
track position. This ensures the techniques are
in-hand for a longer evaluation time and has
resulted in lower 24-hour forecast errors
because of more accurate direction and speed of
movement.

5.2.2 DESCRIPTION OF OBJECTIVE
TECHNIQUES

5.2.2.1 EXTRAPOLATION (XTRP) — Fore-
cast positions for 24, 48, and 72 hours are
derived from the extension of a straight line that
connects the most recent and 12-hour old
preliminary best track positions.

5.2.2.2 CLIMATOLOGY (CLIM) — A clim-
atological aid providing 24-, 48-, and 72-hour
tropical cyclone forecast positions (and
intensities in the western North Pacific) based
upon the position of the tropical cyclone. The
output is based upon data recods from 1945 to
1978 for the western North Pacific Ocean and
1900 to 1981 for the North Indian Ocean and
Southern Hemisphere.

5.2.2.3 HALF PERSISTENCE AND CLIM-
ATOLOGY (HPAC) — Forecast positions are
generated from the blend of equally weighted
persistence (XTRP) and climatology (CLIM)
forecast positions.

5.2.2.4 ANALOGS — The program scans the
climatology for tropical cyclones with a similar
history (within specified spatial and temporal
windows) to the current tropical cyclone. For
the western North Paciiic Ocean, two forecasts
of position and intensity are provided at 24,48,
and 72 hours: RECR - a weighted mean of all
tropical cyclones that were categorized as
“recurving” during their best track period;
TOTL - a weighted mean of all accepted
tropical cyclones. In addition the program
produces a list of the five tropical cyclones with
the least variance from the current storm. For
the North Indian Ocean and Southern
Hemisphere, a single (total) forecast track is
provided for the 24-hour intervals to 72 hours.

5.2.2.5 CLIMATOLOGY / PERSISTENCE
(CLIPER) — A statistical regression technique,
adapted from Xu and Neuman (1985), based on
climatology, current intensity and position, and
past movement. This technique is used as a
crude measure of real forecast skill when
verifying forecast accuracy.

5.2.2.6 CYCLOPS OBJECTIVE STEERING
MODEL OUTPUT STATISTICS (COSMOS)
— A Model Output Statistics (MOS) (Allen,
1982) routine based on the geostrophic steering
at the 850-, 700-, and 500-mb levels. The
steering is derived from the HA’ITRACK point
advection model run using NOGAPS forecast
fields. The MOS forecast is then blended with
the six-hour past movement to generate the
forecast track.

5.2.2.7 COLORADO STATE UNIVERSITY
MODEL (CSUM) — A statistical-synoptic
method developed by Matsumoto (1984).
Tropical cyclones are stratified in the basins -
North Indian Ocean, South China Sea, and
western North Pacific - based on the tropical
cyclones position relative to the 500 mb ridge
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axis (determined from the direction of recent
movement). A separate set of multiple
regression equations using synoptic parameters
are used depending on whether the tropical
cyclone is south, on, or north of the ridge axis.

5.2.2.8 ONE-WAY INTERACTIVE TROP-
ICAL CYCLONE MODEL (OTCM) — A
coarse-mesh, three-layer, primitive equation
model with a 205 km grid spacing over a 6400 x
4700 km domain. The model’s fields are
computed around a bogused, digitized cyclone
vortex using FNOC analyses. The past motion
of the tropical cyclone is compared to initial
steering fields and a bias correction is computed
and applied to the model. The resultant forecast
positions are derived by locating the 850 mb
vortex at six-hour intervals to 72 hours.
Forecast boundary conditions are updated from
NOGAPS.

5.2.2.9 TYPHOON ACCELERATION PRE-
DICTION TECHNIQUE (TAPT) — An
empirical technique (Weir, 1982) that utilizes
upper-tropospheric and surface wind fields to
estimate acceleration associated with the
tropical cyclone’s interaction with the mid-
Iatitude westerlies. It includes guidelines for
the duration of acceleration, upper-limits, and
probable path of the cyclone.

5.2.2.10 COMBINED CONFIDENCE
WEIGHTED FORECASTS (CCWF) — An
optimal blend of objective techniques produced
by the ATCF. The ATCF blends the selected
techniques by using the inverse of the
covariance matrices computed from historical
and real-time cross-track and along-track errors
as the weighting function.

5.2.2.11 DVORAK — An estimation of tropical
cyclone’s current and 24-hour forecast intensity
is made from the interpretation of satellite
imagery (Dvorak, 1984) . These intensity
estimates are used with other intensity related
data and trends to forecast tropical cyclone
intensity.

5.2.2.12 HOLLAND/MARTIN — The tech-
nique adapts an earlier work (Holland, 1980)
and specifically addresses the need for realistic
30-, 50- and 100-kt wind radii around tropical
cyclones. It solves equations for basic gradient
wind relations within the tropical cyclone u%
using input parameters obtained fkom enhanced
infrared satellite imagery. For the first time,
diagnosis also includes an asymmetric mea of
winds caused by tropical cyclone movement.
Size and intensity parameters are also used to
diagnose internal steering components of
tropical cyclone motion known collectively as
“beta-drift”.

5.2.2.13 FNOC BETA AND ADVECTION
MODEL (FBAM) — FNOC’S implementation
of NMC’S Beta and Advection Model. The
model uses the output from NOGAPS, current
observations, and an analytic description of the
tropical cyclone.

5.2.2.14 NAVY OPERATIONAL REGIONAL
PREDICTION SYSTEM (NRPS) — The
Advanced Tropical Cyclone Model (ATCM)
produced from NORAPS fields.

5.3 TESTING AND RESULTS

A comparison of selected techniques is
included in Tables 5-8A, 5-8B, and 5-8C for all
western North Pacific tropical cyclone$ Table
5-9 for all North Indian Ocean tropical cyclones
and Table 5-10 for the Southern Hemisphere. In
these tables, “ x-axis “ refers to techniques listed
vertically. For example (Table 5-8A) in the 629
cases available for a (homogeneous) com-
parison, the average forecast error at 24 hours
was 131 nm (243 km) for HPAC and 130 nm
(241 km) for COSM. The difference of 1 nm (2
km) is shown in the lower right. (Diffenmces
are not always exact, due to computational
round-off which occurs for each of the cases
available for comparison).
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TABLE 5-8A 1989 ERROR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUES
IN THE WESTERN NORTH PACIFIC

24-HOUR MEAN E’ORECAST ERROR (NM)

oTCM

647 141
141 0

575 140
117 -23

558 140
144 4

576 139
127 -12

592 139
131 -8

626 141
127 -14

636 141
178 37

629 141
128 -13

103 148
115 -33

443 137
127 -lo

92 125

RSCR TOTL COSM HPAC CLIM XTRPJ’Tw

625 120
120 0

S87 118
119 1

548 114
141 27

526 117
119 2

516 116
146 30

534 114
126 12

556 117
128 11

583 117
128 11

585 117
179 62

587 117
129 12

114 125
112 -13

378 128
128 0

84 95

CLIP CSUM NRPS CCWF FBA!4

JTwc

CLIP

OTCM

CSIR4

RSCR

TOTL

COSM

HPAC

CLIM

XTRP

NRPS

CCWF

FBA24

683
122

122
0

630
141

591
120

118
23

120
0

594 120
120 0

521 117
148 31

536 116
129 13

573 119
127 8

581 120
129 9

583 120
181 61

588 119
129 10

104 114
115 1

405 129
127 -2

90 86
118 32

3
X-AXIS

TECHNIQUE
ERROR

ERROR
DIFFERENCE

(Y.x)

NUMBER
OF

CASES
588
149

117
32

594 149
149 0

605
131

116
15

594 149
133 -16

613 131
131 0 Y-AXIS

TECHNIQUE
ERROR636

130

673
131

122
8

121
10

121
61

551 150
127 -23

566 132 644 137
126 -6 137 0

605 131
EEr
629 130 679 131

128 -3 131 1 131 0
586 149
129 -20

674
182

589 149
179 30

608 131 635 138 677 131
178 47 182 44 183 52

606 131 635 130 675 131
128 -3 133 3 133 2

107 125 117 131 114 131
109 -16 112 -19 110 -21

407 145 419 134 448 139
127 -18 128 -6 129 -10

85 122 88 99 92 104
119 -3 116 17 117 13

689
182

677
133

82
0

83
50

683 133
133 0

115 141
111 -30

449 139
129 -10

94 106
117 11

680
133

121
12

588 148
128 -20

116
111

449
129

127
-16

104 150
109 -41

115 168
111 -57

448 194
129 -65

92 137
117 -20

118 111
111 0

50 130 455 129131
-2

400 157
128 -29 139 9 129

4 174 65
44 -130 114

0

88
26

93 80 114
125 11

94 117
117 0

94
112 17 117 24 119 -6

CIJS - CL2MMOLOGY/PERSISE24CS HPAC- RALFPBBSIs’m4aAND cLmAToLwY
-- ~-WAY _ICAL ~ M20RL UJ34 - cLR4A’mIaGr
csuM—co2LmDo Smm uNmmsITY MxmL x’mP- EXTRAPOLATION
RxR - RECURVR N4A2m NRPs - ADWU4GiD TROPICALCYCL02WX)DEL
WnL - T&n21ANALaC cckW- _INED CONF~ =1- FCSSC.FST
COSN - c-s s’BAM- FNOC BBTA AND ADVECTIW M2DEL



1989 ERROR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUESTABLE 5-8B
IN THE WESTERN NORTH PACIE’IC

48-XiOURMEANFORECAST ERROR (NM)

JTw

JTwc 481 231
231 0

CLIP 461 227
252 25

Un2r4 431 224
288 64

Csom 416 226
250 24

RSCR 409 226
307 81

TOTL 422 223
245 22

COSM 436 223
255 32

HPAC 458 226
241 15

CLIM 461 227
316 89

XTRP 462 225
276 51

NRPS 66 193
229 36

CCWF 316 248
475 227

FSAM 70 177

250 73

CLIP OTCM CSUM RSCR TOTL cow HPAC CLI14 XTRP NRPS C(XF FSA!4

575 264
264 0

529 257
284 27

494 263
2s0 -13

491 252
318 66

508 250
265 15

533 267
267 0

566 261
253 -E

568 261
331 70

573 263
291 2E

72 241
220 -21

399 283
478 195

82 202
253 51

546 284
284 0

471 283 498
241 -42 251

251
0 NUMBER X-AXIS

OF TECHNIQUE
CASES ERROR

Y-AXIS ERROR

465 286 431
315 29 320

247
73

498 318
310 0

483 284 445
260 -24 262

243
19

498 318
271 -47

517
265

265
0

542 274
274 0

497 281 482
269 -12 262

249
13

461 319
264 -55

475
263

264
-1

528 284 486
250 -34 249

538 204 489
329 45 333

249
0

490 319
254 -65

509
251

26S
-14

250
a3

493 319
335 16

512
334

265
69

535 273 572 254 584 332
331 58 332 78 332 0

531 285 493
283 -2 283

249
34

492 318
283 -35

510
282

265
17

534 267 570 254 572 333 577 290
291 24 292 38 291 -42 290 0

59 311 65
220 -91 227

217
10

65 300
216 -84

68
216

233
-17

73 245 71 244 72 311 72 276 73 220
220 -25 217 -27 217 -94 220 -56 220 0

391 272 358
490 218 305

266 351 333
520 187

359
510

287
223

370 278 399 264 399 349 400 305 20 201 406 485
284 6 465 221 464 135 477 172 246 45 485 039

80 317 78
257 -60 255

143
112

68 285
274 -11

73
263

237
26

77 222 80 187 80 225 82 225 4 343 62 413
255 33 255 6B 255 30 255 30 98 -245 270-143

82 253
253 0



TAB= 5-8C 1989 ERROR STATISTICS E’OR SELECTED OBJECTIVE TECHNIQUES
IN TEE WESTERN NORTH PACIFIC

72-HOUR ~ FORECAST ERROR (NM)

NRPSJThT

363 350
350 0

347 346
371 25

307 339
459 120

313 334
365 31

309 348
479 131

315 348
395 47

328 337
401 64

335 348
363 15

338 347
434 87

350 345
434 89

49 307
440 133

238 359
377 18

59 265

CLIP OTCM Csom RSCR

395 496
496 0

395 496
424 -72

361 492
415 -77

387 499
376-123

391 498
461 -37

390 497
440 -57

52 516
403-113

282 494
381-113

55 419
432 13

TOTL COSM HPAC CLIM XTRP CCWF NRPS

71 408
408 0

J’lwc

CLIP

OTCM

CSUM

RP.CR

TOTL

COSM

HPAC

CLIM

XTRP

NRPS

CCWF

F8AM

458
402

402
0

397
449

390
59

411 446
446 0

393
370

402
-32

354 448
361 -87

395 370
370 0

341 362
503 141

347 361
416 55

382 369
428 59

376 370
376 6

378 370
460 90

393 370
443 73

51 299
430 131

281 372
386 14

68 193

rNUMBER

C%s

X-AXIS
TECHNIQUE
ERROR I389

495

396
421

383
112

384
37

348 452
S02 50

355 454
412 -42

373 440
415 -25

404 422
422 0 I

Y-AXIS
TECHNIOUE

ERROR
DIFFERENCE

(Y-x) I
“41:X403

24
421
427

396 422
374 -48

381440
380

393
-13

387 449
377 -72 0

442
451

393
58

398 445
452 7

400 422
461 39

414 418 446
453 35 453

381 457 451
451 0

446 453
458 5

54 485
397 -88

318 455
394 -61

62 303
432 129

72

457
455

55
413

401
54

358
55

398 449
445 -4

44 537
430-107

398 422
440 18

422 426 444
449 23 460

381 461 454
454 0

56 406
413 7

320 466
393 -73

71 353
408 55

79

52 377
403 26

57 368 53
410 42 401

385
16

57 410
410 0

15 358 324 395
403 45 395 0

3 632 55 386
150-482 450 64

406
-13

292 406
391 -15

288 433
380 -53

290 419 317
382 -37 394

376
18

319
393

71 327 62 526 57 389
442 53

66 473 62
409 -64 432

276
156379 -147 409 216416 151 408 81



TABLE5.9 19S9ERROR WATISTICSFOR SEL~ED OBJECTIVETECHNIQUES
INTHENORTH INDIANOCEAN

*330URh15iANF’43R~ ERROR(NM

JTWC aTcH CSUM HPAC CL135 Ccwf FM

.3TwC

OTcn

CSU31

WAC

CLIH

XCAP

33 88

88 0

33 88

110 22

36 116

116 0

33 88

105 17

32 65

100 15

36 116

113 -3

3s 115

102 -13

36 113

113 a

35 111
102 -9

35 102

102 0

35 102 35 159

159 57 159 0

35 102 35 159

76 -26 76 -83

7 110 7 134

111 1 111 -23

21 114 21 191

75 -39 75 -116

&<uR
ERROR

ERROR
DWFER324CM

(Y-x)

32 85

159 74

3s 115

159 44

3s 111

159 48

Y-AX22
TEC33U4Q2JR
ERROR

32 85

70 -15
35 115
76 -39

35 111

76 -35

35 76
76 0

7 107

111 4

21 62
75 13

7 111

111 0
5 118

93 -25

7 121

111 -lo

7 124

111 -13

EE0021 76
75 -1

21 119
75 -44

21 68
75 ‘1

21 75
75 0

42-HOUR M6ZANFOR2CAST ERROR (NM)

CCWF FBN4JTUC 0TC24 Csus 21FAC CL156 3cmP

JTHc

0TC24

17 146

146 0

17 146

335 189

25 304
304 0

17 146

136 -lo

25 304

2.99 -105

26 194

194 0

25 191
199 8

25 191
296 105

25 191

146 -45

7 290

179 -111

17 136
167 31

SPAC

CLI14

XTRF

CCUF

17 146

224 78

24 307
205 -102

25 199
199 0

25 199
296 97

25 199
3.46 -53

7 147

179 32

17 224
167 -57

17 146
379 233

24 307

305 -2

25 296

296 0

25 296 25 146

146 -150 146 0

7 121 7 202

179 58 179 -23

17 379 17 120

167 -212 167 47

17 146

120 -26

24 307

151 -156

00
00

6 240

202 -3@

7 179

179 0

17 146

167 21
17 335

167 -168

00 17 167

00 167 0

72-3302iltMEAN FORRCASS ERROR (NM)

CSUM HPAC CLIM ZrmP CCUF F@N4JTK OTCM

JTwc

C?rcn

CSUM

SFAC

CLIU

STRP

ccuF

FBAn

12 216

216 0

12 216

492 276

18 463
463 0

12 216

206 -10

10 463

291 -172

18 291
291 0

16 291 16 246
246 -45 246 0

16 291 16 246 16 343

343 52 343 97 343 0

17 284 16 246 16 343 17 203

203 -81 195 -51 195 -148 203 0

4 511 4 250 4 163 4 368 4 333

333 -178 333 83 333 170 333 -55 333 0

13 214 12 245 12 403 13 146 00 13 274

274 60 281 36 281 -122 274 128 00 274 0

11 210

237 27

16 474

246 -228

11 210

387 177

12 216

152 -64

16 474
343 -131

17 473

203 -270

00
00

4 373
333 -40

12 216

262 46

13 504

274 -230
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TABLE5-10

JTwC

CLIP

OTCM

HPAC

CLIM

XTRP

CCWP

JTwc

CLIP

OTCM

HPAC

CLIM

XTRP

CCWF

OTCM

HPAC

CLIM

XTRP

CCWF

m

261 125
125 0

90 124
144 20

200 119
126 7

195 117
117 0

197 117
160 43

196 118
126 8

76 110
101 -9

JTwc

201 242
242 0

66 230
296 66

152 233
235 2

148 233
229 -4

150 235
295 60

152 232
260 28

67 236
197 -39

OTCM

222 350
350 0

209 352
309 -43

212 354
385 31

212 343
382 39

95 309
406 97

19S9ERRORSTATISTICSFORSELECTEDOBJECMVETECHNIQUES
INTHESOWHERN HEMISPHERE19S9(1JULY19SS-30JUNE19S9)

CLIP

217 152
152 0

145 147
128 -19

145 146
111 -35

145 146
153 7

142 146
120 -26

73 152
96 -56

CLIP

180 334
334 0

114 307
230 -77

115 304
205 -99

115 305
248 -57

112 303
250 -53

61 306
169 -137

HPAC

238 336
336 0

237 337
427 90

234 337
392 55

96 304
455 151

OTCM

381 123
123 0

369 123
116 -7

373 124
172 48

368 123
123 0

151 107
101 -6

OTcM

309 239
239 0

292 237
219 -18

296 238
294 56

296 237
258 21

134 207
193 -14

CLIM

241 426
426 0

234 430
392 -38

96 342
455 113

24-HOUR MEAN FORECAST ERROR (NM)

HPAC

377 116
116 0

375 116
171 55

372 116
123 7

151 109
101 -8

CLIM XTFW

3B1 171
171 0

373 172 376 123
123 -49 123 0

/

CCWF

E
NUMBER TEa!i&&’CR-M PXROR

Y-AX18 ERROR
TECHINQUE Difference
ERROR (Y.XJ

48-HOUR MEAN FORECA8T ERROR (NM)

HPAC CUM XTRP CCWF

305 223
223 0

303 224 309 301
300 76 301 0

300 224 301 303 309
257 33 258 -45 257

134 218 134 275 133
193 -25 193 -82 193

257
0

244 134 193
-51 193 0

72-HOUR MEAN FORECAST ERROR (NM)

XTRP CCWF

241 388
388 0

95 374 96 455
455 81 455 0
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